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Abstract

Lately, it has become clear that for specific cancers under well-defined circumstances oncological
treatment in pregnancy is possible. In this article, we summarize the available literature on foetal,
neonatal, short- and long-term impact of prenatal exposure to cancer treatment on the child. So far,
outcomes of children are generally reassuring, but long-term follow-up is limited. The most important
risks of chemotherapy during pregnancy are preterm birth and small for gestational age babies.
Chemotherapy in the first trimester is contraindicated due to an increased risk of congenital
malformations. Studies on outcomes of children exposed to radiotherapy, targeted or hormonal therapy
in pregnancy are scarce. Careful registration of women undergoing cancer treatment in pregnancy and
examination of their children is indispensable. Well documented mental and physical status of children
exposed to cancer treatment in utero will allow physicians and parents to decide best whether or not to

treat cancer during pregnancy.

Introduction

The most frequent occurring malignancies in pregnancy are breast cancer, cervical cancer,
haematological malignancies and melanoma. The prevalence and detection of cancer in pregnancy has
increased because many women postpone their pregnancies until a later age and because of the
availability of diagnostic modalities that can safely be used in pregnancy. Cohort studies reported an
incidence of cancer in pregnancy of 112 (per 100,000 women) in 1994 and of 191 (per 100,000 women)
in 2008.12 Until recently, fear for foetal toxicity generally withheld physicians to start oncological
treatment during pregnancy. Termination of pregnancy, delay of maternal treatment or induction of
preterm labour often occurred.

Well documented mental and physical status of children exposed to cancer treatment in utero will allow
physicians and parents to decide best whether or not to treat cancer during pregnancy. In this article,
we summarize the available evidence on the effects of antenatal cancer treatment, including surgery,
radiotherapy and systemic therapy on intrauterine life, the neonate, and child development until
adulthood.

Cancer treatment during pregnancy

Cancer treatment has three main modalities: surgery, radiotherapy and systemic therapy. After
appropriate diagnosis and staging, oncologic treatment is possible during an ongoing pregnancy under
well-defined circumstances, without jeopardizing foetal safety. In the following section, we will discuss
the possibility of surgery, radiotherapy and systemic therapy, including chemotherapy, targeted therapy

and hormonal therapy, in pregnancy.

Surgery in pregnancy
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In many cancer types, surgery is an essential part of oncologic treatment. Surgery in pregnancy is
feasible when certain precautions are taken. Data on safety of surgery are available from the frequent
surgical procedures in pregnancy for non-obstetrical and non-oncological reasons.®4 Most important
obstetrical risks of surgery in pregnancy are miscarriage, premature delivery or foetal distress
(decreased placental perfusion and foetal hypoxia).5

Surgery—related risks of maternal hypotension, hypoxia, or stress, pose a greater risk to the foetus than
anaesthetic agents.® Therefore, maternal monitoring is crucial to prevent hypoxia, hypotension and
hypoglycaemia and the best guarantee for foetal wellbeing.”

Every procedure after 20 weeks gestational age should be performed in the “left lateral tilt” position to
avoid compression of the vena cava and maintaining the cardiac preload. Abdominal surgery is
preferably planned in the second trimester because the risk of miscarriage is decreased and the size of
the uterus still allows a certain degree of access. Specific risks of laparoscopy in preghancy are
hypercapnia, perforation of enlarged uterus and reduced blood flow due to increased abdominal
pressure and use of carbon dioxide. However, laparoscopic surgery can be performed in pregnant
patients without increased risk to the mother or foetus by an experienced surgeon and taking into
account published guidelines.?

Continuous foeto-uterine monitoring by cardiotocogram during surgery is possible during non-
abdominal surgery, but should only be used when the foetus is viable.® Tocolytic agents are only
indicated when manipulation of the pregnant uterus is unavoidable.

Radiotherapy

The biological effects of radiotherapy are incompatible with pregnancy because of the radiosensitivity of
the rapidly growing embryo and foetus. However, its effects depend on gestational age and dosage.
These effects can be deterministic or stochastic (Table 1). The dominant deterministic effect of
preimplantation irradiation is early death of the conceptus.? In the first trimester of pregnancy during
organogenesis, irradiation above the threshold of an absorbed dose of 0-1 Gy increases the risk of
malformations.!* The central nervous system continues to develop after the major organogenesis and
can be impaired by exposure to irradiation during a longer period. The neuronal plasticity and natural
redundancy can compensate up to a certain level for irradiation damage. Experimental animal studies
and human data from atomic bomb studies show a high sensitivity of the central nervous system until
15 weeks gestation.1? Irradiation of an older foetus may lead to growth restriction and functional organ
defects.

One stochastic effect is the increased risk of all types of childhood cancers, but especially leukaemia
(3-4 per 1000 children compared to the background risk of 2-3 per 1000 children).1° This increase in risk
is independent of the gestational age at the moment of exposure. Because of these uncertainties,
radiotherapy is often postponed until the postpartum period. However, if delay is detrimental for the
mother, radiotherapy of upper body parts with foetal shielding is possible, especially in the first or second

trimester, when the distance between the foetus and the field of irradiation is at largest, reducing the
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foetal exposure (Figure 1).13 Because of the relation between effects on the foetus and distance from
the target lesion, a phantom system and a physicist who calculates the estimated foetal dosage are
indispensable.1® When the foetal exposure is below the threshold dose of 100mGy, radiotherapy can be

considered.'® Radiotherapy of the pelvis is not compatible with an ongoing pregnancy.°

Systemic therapy

Physiologic changes also influence pharmacokinetics with respect to distribution, metabolism and
excretion of systemic therapy, possibly leading to reduced drug exposure and efficacy. Many drugs can
cross the placenta depending on their size, lipophilia, protein binding, ionization and the presence in the
placenta of protein drug transporters.1415 However, animal studies showed that the concentrations of
drugs in the foetal plasma are lower compared to the maternal plasma confirming the protecting role of
the placenta.'41> The extend of this placental protection differs per chemotherapeutic agent, with high
passage of platin-based therapy (57% for carboplatin) and low passage of taxanes (1-4% for paclitaxel
and not detectable for docetaxel) and anthracyclines (4-0% for epirubicin, 7-5% for doxorubicin).4.15
Chemotherapy is cytotoxic and interferes with cell growth. Therefore, the timing of chemotherapy as
well as the number of cycles and dose administered are crucial factors contributing to foetal outcome.
With limited knowledge on safety of chemotherapy administration during the first trimester (i.e. period of
organogenesis), it remains experimental and contraindicated. From second trimester on, evidence is
available that some chemotherapeutic agents can be administered without an increased risk on foetal
malformations and without major neonatal and short-term problems.’® Nonetheless, also since the
central nervous system starts to develop in the fifth week of pregnancy and its development continues
throughout pregnancy and even after birth, the potential impact of chemotherapy administration needs
to be well considered. A baseline pelvic ultrasound before chemotherapy administration is therefore
recommended to detect pre-existing anomalies. Other reported potential risks of in utero exposure to
chemotherapy during the second and third trimester of pregnancy are low birth weight, subtle changes
to the heart function and premature delivery.17-2

Targeted therapy is now an important therapeutic option and its use is increasing steadily.??2 Data on the
safety of these agents in pregnancy is overall lacking. Based on their small size, different structure,
metabolism and pharmacokinetics, they are potentially teratogenic and harmful for the foetus.2® Most is
known on trastuzumab, which is an antibody directed against the HER-2-protein, used in the treatment
of breast cancer. Trastuzumab is associated with oligohydramion when administered in the second or
third trimester. The reason for this is the blockage of the epidermal growth factor (EGFR)-2 in the foetal
kidney with subsequent inhibition of kidney cell proliferation.?*

Knowledge on hormonal therapy effect on pregnancy especially originates from women receiving
adjuvant therapy for breast cancer. Although the majority of children born after exposure to tamoxifen
are healthy, tamoxifen is sometimes associated with foetal abnormalities. The four case reports of
congenital anomalies that are published describe ambiguous genitalia, craniofacial malformations,
Goldenhar syndrome and Pierre-Robin sequence, however the prevalence of congenital malformations

that can be attributed to tamoxifen is unknown.?5-28 Therefore, tamoxifen is discouraged in pregnancy.
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Effects of systemic cancer treatment during pregnancy on the foetus

The main foetal, neonatal and long-term risks of systemic cancer treatment during pregnancy, as
reported in literature, are summarized in Figure 2. In Table 1 of the appendix, the most important and
largest studies on the foetal, neonatal and long-term outcome of children after prenatal exposure to
cancer treatment published between 2000 and 2017 are shown.

In the following section, we will discuss the possible impact of systemic therapy on the development of
congenital malformations and growth restriction. As stated before, during the first trimester, the foetus
is extremely vulnerable, and chemotherapy given in this period induces an elevated risk of congenital
malformations, ranging from 7-5 to 25 %, compared to 4-1 % in general population.?®-32 In contrast,
Aviles et al. reported no congenital malformations in 54 children born after chemotherapy exposure
during the first trimester.33 Although they concluded the ‘safety’ of chemotherapy given during the first
trimester, information that allows estimating the teratogenic risks (the developmental stage at exposure,
the dose, the duration, and the frequency of drug administration) is lacking.3* If chemotherapy is
administered beyond this critical period, there is no increased risk of congenital malformations (about 3
% major malformations, 7-5 % minor).’

Contradictory results have been published on the impact of chemotherapy on the foetal growth. While
some studies recorded normal birth weight and length according to gestational age, most studies
revealed a higher incidence of Small-for-Gestational-Age (SGA) children after chemotherapy
exposure.17.1821.35-37 SGA is defined as a birth weight below the 10th percentile of gender- and age-
matched controls and refers to the failure of the foetus to achieve its growth potential. Incidences
between 7 and 17% of SGA were recorded by Cardonick and lacobucci, depending on type of cancer
and treatment.?! Several years later, the same group found a significant difference in birth weight at
delivery in 231 women diagnosed with cancer after chemotherapy and no chemotherapy exposure.38 In
the study of Amant et al., 25% (24/95) of children prenatally exposed to chemotherapy were born SGA.16
Growth restricted foetuses exhibit a significant risk of perinatal morbidity and mortality. Preterm birth,
neonatal hypothermia, hypoglycaemia, morbidities and even perinatal mortality can occur in the acute
setting, more cardiovascular and metabolic diseases are seen in the long-term follow-up of these
children.3940 Growth restriction can be caused by foetal, maternal, or placental causes. Direct (direct
toxicity of the chemotherapeutic agents to the trophoblasts), indirect effects (inflammation) or the
maternal illness itself (malnutrition, anaemia) with high stress levels might contribute to the increased
frequency of SGA seen in pregnancies complicated by cancer.#142 Recently, Lu et al. reported a positive
association between diagnosis of cancer during pregnancy and the risk of stillbirth, mainly SGA
stillbirths, and with preterm SGA births. However, this association declined over the study period (1973-
2012), suggesting an improvement in obstetric and oncologic care.*® Fortunately, although SGA birth
seems to be more frequent after cancer during pregnancy, and especially chemotherapy during
pregnancy, postnatal growth seems to be unaffected. A study that followed growth curves until 3 years

of age showed that most SGA born children caught up their growth curves within the follow-up period.®
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Neonatal outcome after prenatal exposure to chemotherapy

In the next section, we will give an overview of the possible impact of chemotherapeutic agents during
pregnancy on the risk of preterm delivery and neonatal morbidities.

In the cohort study by Amant et al., 61-2% of children prenatally exposed to cancer treatment were born
preterm (gestational age < 37 weeks), in contrast with a general population percentage of preterm births
of 6-8-8% in the participating countries.1® Although the neurodevelopment of these babies was normal
at a median age of 22 months, there was a negative impact of prematurity on the cognitive outcome
(similar effect in the study and control group).

Prematurity, and in particular late preterm birth (34*° to 36*® weeks gestation), is indeed the most
commonly reported neonatal outcome: a mean gestational age at birth of 35-8 + 2-8 weeks was reported
by Cardonick et al. on 157 chemotherapy-exposed neonates born to mothers enrolled in the USA
International Cancer and Pregnancy Registry between 1995 and 2008.38 Similar findings were described
in the majority of published studies and case series on infants born to pregnant mothers with
Cancer.17’18’37’44'46

Prematurity represents the main determinant of early neonatal morbidities and later neurodevelopmental
impairment: the more immature the infant, the higher the risk of postnatal complications and impaired
long-term outcome. Late preterm infants are the most represented premature infants but an increased
risk of adverse early neonatal outcomes (temperature instability, respiratory distress syndrome,
excessive weight loss and dehydration, sepsis, hypoglycaemia, jaundice and neuromorbidities) has
been well demonstrated also in this low-risk preterm population.4”

In case of pregnancy complicated by cancer, preterm birth is mainly due to iatrogenic preterm delivery
based on the need to initiate maternal treatment or due to deterioration of maternal health status.
Recently, Lu et al. reported about the risk of stillbirth and infant mortality associated with maternal cancer
during pregnancy based on nationwide health registers in Sweden.*® Both neonatal mortality and
preterm birth were positively associated with maternal cancer diagnosed during pregnancy and the
association with preterm birth was due to iatrogenic instead of spontaneous preterm birth. Moreover,
89% of the association of maternal caner during pregnancy with neonatal morbidity was explained by
preterm birth. In the study of Van Calsteren et al., 51-2% of 172 children born after cancer diagnosed
during pregnancy were admitted to a neonatal intensive care unit and prematurity was the main
indication for admission (85-2% of cases).”

The incidence of preterm labour in the general population is 4%. In comparison, Van Calsteren et al.
observed an incidence of preterm labour of 12-9 %.17 A high rate of spontaneous preterm birth or preterm
premature rupture of membranes (30%) was observed in ten women treated with dose-dense
chemotherapy (every two weeks). With conventional chemotherapy this event was not more likely to
occur (17%, N = 99).46 Chemotherapeutic agents may cause an increase of preterm contractions, but
up till now, no clear evidence on the underlying pathophysiology is known.%” Therefore, close monitoring,
including gynaecologic examination and cervicometry, is advised.

Maternal haematological malignancies carry the highest risk of obstetric and perinatal complications,

such as premature birth and intrauterine growth restriction. Impairments in nutrient exchange, blood
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flow, and oxygen delivery in the intervillous placental spaces due to leukaemia cells have been
suggested as potential pathogenetic mechanisms.”

Most of the short term neonatal morbidities reported in babies born to pregnant mothers with cancer are
likely to be related to the premature birth, in particular respiratory distress syndrome.*>4® In the
observational study by Loibl et al. on treatment of breast cancer during pregnancy, adverse neonatal
events (sepsis, jaundice, SGA, hypercalciuria, necrotising enterocolitis, patent foramen ovale, cerebral
bleeding, respiratory distress syndrome, malformations, pulmonary artery stenosis, aspiration
pneumoniae, increased muscle tension, high serum concentration of N-terminal pro B-type natriuretic
peptide (proBNP), neutropenia, anaemia) appeared to be more common in neonates in utero exposed
to chemotherapy (15%) compared to those not exposed (4%) and in preterm compared to term infants,
but differences were not clinically significant.3® A tendency, towards a higher incidence of high-grade
respiratory distress syndrome was documented by Fischer et al. in a retrospective analysis on 19
preterm and three term infants born to mothers with oncologic diseases, compared to controls born to
healthy mothers and matched for gestational age.**

Transient haematotoxicity is a potentially serious neonatal side effect of antenatal chemotherapy but
this is a rare event when a 3-week interval is maintained between the mother’s last course of
chemotherapy and delivery. Few cases of leukopenia/pancytopenia, requiring haematological growth
factors, have been reported when an unplanned delivery occurred within a few days after chemotherapy
administration (leukopenia and pancytopenia in two babies born ten weeks after administration of a
multiple agents regimen for acute lymphatic leukaemia; neutropenia in one child born just 19 days after
treatment with docetaxel and anaemia requiring transfusion in one child exposed to cyclophosphamide,
doxorubicin, vincristine and prednisone five days before spontaneous preterm delivery).1:3 However,
anaemia was reported by Chang et al. as the most common side effect of treatment of acute myeloid
leukaemia during pregnancy and Fischer et al. described a case of pancytopenia (treated with
substitution of packed red cells, platelets and erythropoietin) in a child whose mother suffered from the

same malignancy.449

Long-term outcome of children after prenatal exposure to chemotherapy

In the following section, we will discuss the possible long-term impact of prenatal exposure to cancer
treatment, and especially chemotherapy, on general health, cardiotoxicity, ototoxicity, dental problems,

neurocognitive development, school performance and behaviour problems of the children.

General health
Several studies have documented general health status of children born to mothers treated for cancer
during pregnancy. Some of them only used parent-report questionnaires'®4, while others also
performed a clinical examination6:18:33.3550 gnd only few included a control group'620, After in utero
exposure to chemotherapy and/or radiotherapy, no major health problems were reported and the
incidence of medical problems was in general comparable between study and control group or to the

general population. However, Murthy et al. reported an increased incidence of allergies and/or eczema
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(18/50, 36%) in the study group at a median age of 7 years, as compared to 11-22% in the general
population.®® In the study of Amant et al., the differences in incidence of allergies and skin disorders
were not statistically significant at a median age of 22 months (respectively 14/119, 11-8% allergies in
the study group versus 7/109, 6-5% in the control group and 13/119, 10-9% skin disorders in the study
group versus 16/109, 14-8% in the control group).16

Cardiotoxicity
Anthracyclines, as being important agents in the treatment of breast cancer and haematological
malignancies, are frequently administered during pregnancy. Nonetheless these agents are cardiotoxic,
in the acute as well as chronic setting.5! Acute cardiotoxicity may occur within the first two weeks after
treatment, is usually reversible and is characterized by an acute and mild depression of the contractile
function. Chronic cardiotoxicity can occur within the first year (early onset) or many years after
chemotherapy treatment (late onset) and can lead to ventricular dysfunction, heart failure,
cardiomyopathy and death. Anthracyclines are widely used in the treatment of childhood leukemia, with
a four-fold increase of cardiovascular death.>2 However, cardiotoxicity seems to manifest itself after
longer intervals and has a different pattern of development compared to adults (restrictive versus dilated
cardiomyopathy).53 Adverse cardiac foetal outcomes have been described after exposure to
anthracyclines in utero, despite low transplacental passage.141854 Because of the different properties of
the foetal myocardium as compared to the adult myocardium (single nucleus, fewer sarcomeres per
mass unit, immature sarcoplasmic reticulum, lower number of mitochondria, underdeveloped anti-
oxidant pathways), the foetal heart may be more vulnerable to anthracyclines.5556 Aviles et al. reported
the first study on the cardiac outcome after prenatal exposure to anthracyclines with normal
echocardiographic findings for all children.>” In the acute phase, there is no significant effect of maternal
anthracycline exposure on both the maternal and foetal cardiac functions.5® In 2012, Amant et al.
evaluated the global heart function of 65 children prenatally exposed to chemotherapy and compared
the results to controls. Statistically significant small differences in the ejection fraction, fractional
shortening, and some of the diastolic parameters (isovolumic relaxation time and mitral A-duration) were
noticed, but there were no clinically relevant differences.® Comparable results were found in a subgroup
analysis on 50 children exposed to anthracyclines compared to healthy controls. Also in 2015, subtle
between-group differences in tissue Doppler imaging measurements of the basal segment of the
interventricular septum were recorded between 47 children exposed to chemotherapy and their non-
exposed matched controls.1® However these differences were not present in the 26 children exposed to
anthracyclines. These small differences as well as the knowledge that anthracycline cardiotoxicity may

only become apparent after many years indicate that long-term follow-up is warranted.

Ototoxicity
Studies on children and adults with cancer treated with cisplatin have found an increased incidence of
ototoxicity, especially hearing loss.>*¢ Adverse effects on hearing have also been reported after
prenatal exposure to cisplatin. Amant et al. reported results of 21 children prenatally exposed to

chemotherapy, aged 5-0 to 17-6 years, who were assessed by means of an audiometry.'® Eighteen
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children (85-7%) had normal outcome, including three children exposed to cisplatin in utero. One child,
who was exposed to cisplatin during pregnancy, was diagnosed with hearing loss in the high regions at
the age of 6 years. However, computed tomography showed a perforated eardrum, which may be a
consequence of multiple middle ear infections. Minor right-side hearing loss in the low regions was found
in a twin exposed to idarubicin and cytosine arabinoside in utero, diagnosed at 6 and 9 years of age.
Pre-existing neurodevelopmental problems may confound the results in this twin. A single case report
of a boy with severe bilateral perceptive hearing loss after prenatal exposure to cisplatin (5 cycles of
70mg/m2), diagnosed shortly after birth, was described by Geijteman et al.5! These adverse effects
described may be a consequence of in utero exposure to chemotherapy. Nevertheless, it is hard to
determine the direct effect of chemotherapy on hearing loss at older age, because of the existence of
many confounding factors such as ear infections and exposure to loud noise. Given the observation that
platin-based therapy may cross the placenta in substantial amounts (up to 57% for carboplatin)!® and
the anecdotal hearing loss, cisplatin should only be administered after careful consideration. In many
cases, carboplatin can replace cisplatin with the same oncologic efficacy, though with less toxicity and

no neurotoxicity.®

Dental problems
Survivors of childhood cancer treated with chemotherapy may experience damage to the developing
teeth and are more prone to dental caries.®? Since primary teeth start to develop around 11 to 14 weeks
of gestation and tooth formation is completed postnatally, dental problems may be a possible adverse
effect of second and/or third trimester exposure to chemotherapy. One study reported sound teeth in
two children at age 18 months and three years after exposure to adriamycin and cytoxan in the third
trimester of pregnancy.®® However, dental examinations have not yet been included in large cohort

studies.

Neurocognitive development and school performance

Adults and children with cancer who are treated with chemotherapy often report cognitive problems,
such as disturbances in intelligence, attention, memory, language, information processing, judgment
and planning.546° This is referred to as “chemo-brain” in the literature.5¢ These changes have also been
found in imaging studies, such as a recent MRI study on a series of breast cancer survivors, showing
an association between changes in cognitive functioning and changes in cerebral white matter
integrity.67.68 Up to now, the pathophysiological basis for this relationship has not yet been found, but an
excess of cytokines such as tumour necrosis factor a (TNF-a) in the brain has been postulated as a
possible mechanism, inducing oxidative stress and mitochondrial dysfunction, which may lead to
impaired working memory.5°

When chemotherapy is administered during pregnancy, there might be a long-term impact on
neurocognitive functioning, as the development of the central nervous system starts around the fifth
week of pregnancy and continues throughout pregnancy. Aviles and Neri were the first to report on the
neurocognitive outcome of 84 children aged 6 to 29 years born to mothers treated with chemotherapy

during pregnancy for haematological malignancies.®®> Neurological and psychological evaluations were
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performed by a physician and schools were asked to provide information on educational performance.
No abnormalities in learning were observed, children exhibited a normal educational performance and
neurological examinations were normal. However, the methodology of this study is not well specified
and no intelligence or other neuropsychological tests were performed. In 2012, the same group reported
on the outcome of 54 children and adults, aged 3-8 to 32-0 years, exposed to chemotherapy in the first
trimester of pregnancy.3? Verbal, performance and full-scale intelligence were within normal ranges as
compared to a control group of children. Also, educational performance was normal, taking social and
economic factors into account. A study by Hahn et al. reported on the outcome of 40 children, assessed
between 2 months and 13 vyears, who were in utero exposed to fluorouracil-adriamycin-
cyclophosphamide (FAC) chemotherapy for maternal breast cancer.*® Parent or guardian surveys were
sent out. Two out of 18 children at school-age required special attention in school: one for attention
deficit hyperactivity disorder and one for Down’s syndrome. All other children were thought to develop
normally. In 2012, Amant et al. published the first prospective multicentre evaluation of 70 children, aged
1.5 to 18 years (median 22 months), in utero exposed to chemotherapy.’® Mental development,
intelligence, attention and memory tests were performed at predefined ages and compared to the norms
of the respective tests. The results of all tests were considered normal. However, both children of a twin
pregnancy were found to have a severe cognitive delay. Moreover, prematurity was related to a worse
cognitive outcome. In 2015, the same group reported on results of 129 children, aged between 1-5 and
3-5 years, born to women who were diagnosed with cancer during pregnancy.1® Between them, 96
children were exposed to chemotherapy in utero (alone or in combination with other treatments), 11
children to radiotherapy (alone or in combination), 13 to surgery alone, 2 to other drug treatments and
14 to no treatment. The results were compared to a control group of children born after an uncomplicated
pregnancy and delivery and 1:1 matched to the study children for test age and gestational age at birth.
Cognitive development, assessed by means of the Bayley Scales of Infant and Toddler Development,
was comparable between the cancer and control group. Subgroup analyses per treatment type also did
not reveal significant differences compared to the control group. However, the negative prognostic effect
of preterm birth on cognitive outcome was confirmed in both study and control children, indicating that
prematurity may lead to a delay in cognitive development, independent of cancer treatment during
pregnancy. Another study was recently published by Cardonick et al., comparing cognitive outcome and
school performance of 35 chemotherapy-exposed children to 22 non-exposed children born to mothers
diagnosed with cancer during pregnancy.2° Mental development, intelligence, and school performance
were assessed between 1.5 and 10-4 years and were mostly within normal ranges. However, a score
below the normal range was found for three children (one chemotherapy-exposed and two non-exposed
children). The number of abnormal results was not significantly different between the study and control
group. Also, school performances were comparable between the two groups (normal results for
chemotherapy-exposed versus non-exposed children: 75% versus 67% for mathematics and 75%
versus 83% for reading). As the median follow-up duration in most studies that have been published up
to now is restricted to infancy, toddlerhood or early childhood and given the knowledge that

neurocognitive problems may become more apparent at school-age, long-term follow-up studies

10
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including detailed assessment of neurocognitive functions such as intelligence, attention, memory and

executive functions are highly needed.

Behaviour problems
Amant et al. reported on the behavioural outcome of 21 children aged 5-0 to 15-9 years and exposed to
chemotherapy in utero, assessed by means of the Child Behaviour Checklist (CBCL), a questionnaire
on behaviour problems to be filled out by the parents.1® Twenty-nine percent of the children had an
increased score for internalizing problems (e.g., symptoms of depression, anxiety, withdrawn
behaviour), externalizing problems (e.g., rule-breaking, delinquent or aggressive behaviour) or the total
problems scale (a combination of internalizing and externalizing problems together with social problems
and thought problems). Cardonick et al. compared parent-reported behaviour problems, assessed by
means of the CBCL, between 35 chemotherapy-exposed children and 22 non-exposed controls, aged
1.5to0 10-4 years, all born to women who were diagnosed with cancer while pregnant.2® There were no
significant between-group differences for internalizing, externalizing or total problem behaviour.
However, 23% (8/35) of the chemotherapy-exposed group and 18% (4/22) of the non-exposed controls
demonstrated behaviour problems in the borderline or clinical range. The incidence of internalizing
behaviour problems was significantly higher in older than in younger children. Behaviour problems were
not significantly affected by maternal survival, mother’s health status at the time of evaluation, child sex
or age. When cancer is diagnosed during pregnancy, increased maternal stress hormone levels may
cross the placenta and thereby increase foetal stress hormone levels, causing hypothalamic-pituitary-
adrenal axis dysregulation, and thereby increasing the incidence of emotional and behaviour problems

in childhood and adolescence.”?

Future perspectives

Since the year 2000, most studies have focused on foetal and neonatal effects and on general health,
cognitive and cardiac outcome of children after prenatal exposure to chemotherapy. However, most
studies did not follow up child development until adulthood, and lacked controls. Therefore, the impact
of in utero exposure to cancer treatment on fertility and the development of cancer remains largely
unknown. The knowledge that anthracycline-based cardiotoxicity may develop over many years and
that cognitive problems may become more apparent at school-age, underscores the importance of long-
term follow-up. As the transplacental passage of chemotherapeutic drugs may vary in substantial
amounts between different chemotherapeutic agents, one might hypothesize a differential effect on child
development. However, different types of chemotherapeutic agents are often combined and currently
mainly data on drugs used for breast cancer were included in follow-up studies. In addition,
chemotherapy may be supplemented by diagnostic imaging, surgery, radiotherapy, supportive drugs
and maternal stress. It is thus very challenging to disentangle the impact of single factors on child
development. Studies documenting the outcome of children after in utero exposure to radiotherapy,
targeted therapy or hormonal therapy are scarce. Large prospective cohort studies are needed to
address the long-term effects of different types of maternal cancer treatment on child development until

adulthood. Such a study is currently ongoing within the International Network on Cancer, Infertility and

11
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Pregnancy (INCIP, www.cancerinpregnancy.org). In Table 2, we present the largest ongoing studies on

cancer during pregnancy.

Conclusion

It is counterintuitive to administer cancer drugs that are designed to Kill rapidly dividing cells. The
knowledge about neonatal and long-term safety data is an important indicator for patients and clinicians
to consider cancer treatment during pregnancy. When this knowledge is not available, the likelihood for
termination of pregnancy, delay of maternal treatment or induction of preterm delivery is high. In
contrast, when the outcome data are available and discussed with the patient, the decision to continue
the pregnancy and treat the maternal cancer is much more likely. The importance of data that describe
the outcome of children after antenatal exposure to chemotherapy therefore should not be
underestimated. Overall, the available evidence shows that antenatal exposure to chemotherapy in
second and/or third trimester of pregnancy is not detrimental to foetal life. However, the most important
risks are small for gestational age babies and preterm birth, which is associated with an increased risk
of neurocognitive dysfunctioning. Moreover, hearing loss in the child has been reported after cisplatin
administration during pregnancy. Chemotherapy administered during first trimester of pregnancy is
associated with an increased risk of congenital malformations and is therefore contraindicated. Further
research is necessary to delineate better the safety of each individual drug, their long-term safety on
general health, cognitive development and cardiac functions, and the impact on dental problems, fertility
and secondary cancers. To date, the benefits in favour of chemotherapy administration during second
or third trimester of pregnancy are stronger than the disadvantages. Cancer treatment during pregnancy
is a complex co-incidence. Best care is provided in referral centres in a multidisciplinary setting.

Key messages

1. Overall, the available evidence shows that antenatal exposure to chemotherapy in second or
third trimester of pregnancy is not detrimental to foetal life. Chemotherapy administered during
first trimester of pregnancy is associated with an increased risk of congenital malformations
and is therefore contraindicated.

2. However, the most important risks are small for gestational age babies and preterm birth,
which is associated with an increased risk of neurocognitive dysfunctioning. Therefore,
antenatal chemotherapy in second or third trimester of pregnancy should be preferred above
iatrogenic prematurity.

3. Surgery can be performed throughout all stages of pregnancy. Radiotherapy in pregnancy
with adequate shielding can be considered when treatment cannot be postponed and if the
estimated foetal dose of radiation is <100mGy, although outcomes of children are scarce in
the literature. The effects of new targeted therapies are still unclear and should therefore not
be advised in pregnancy. Hormonal treatment in pregnancy is contraindicated.

4. Further research is needed to delineate better the safety of each individual drug, their long-
term safety, and the impact on neurocognitive functioning, cardiotoxicity, hearing loss, dental

problems, fertility and secondary cancers.
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Search strategy and selection criteria

We searched PubMed for articles in English published from January 1, 1985 to April 30, 2017. Articles
on the use of cancer treatment during pregnhancy and on foetal, neonatal and long-term effects of cancer
treatment during pregnancy were identified, using the following search terms: ("Pregnancy”[Mesh] OR
"Pregnancy, High-Risk"[Mesh] OR "Pregnancy Outcome"[Mesh]) AND ("Infant, New-born"[Mesh] OR
"Foetus"[Mesh] OR “Infant, Low Birth Weight"'[Mesh] OR “Child Development” [Mesh]) AND
"Neoplasms/therapy'[Mesh] AND "Antineoplastic Agents"[Mesh]). Additional papers were retrieved by
adding “Prenatal Exposure Delayed Effects” [Mesh] or “Practice guidelines as topic” [Mesh] to
“Pregnancy” AND “Neoplasm” AND “Antineoplastic Agents”. Further relevant articles were found from
reference lists of reviews or primary research articles. We mainly focused on articles published from
2000 on, since the research has clearly expanded from then, but we did not exclude commonly

referenced older publications.

Contributors
All authors contributed to the conceptualization, literature search, and development and editing of the

review.

Declaration of interests

There are no conflicts of interest.

Acknowledgements

FA is senior clinical investigator and MV and TV are research fellows of the Research Foundation-
Flanders (F.W.0O.). This work is supported by a grant of the European Research Council (ERC) and the
Dutch Koningin Wilhelmina Fonds (KWF). The authors are grateful to all parents and children who

facilitated collection of scientific data that help us to guide future parents.

Figure and illustration legends

Figure 1. Consequences of foetal exposure to irradiation of the upper body parts

Red lines indicate the radiation beams for the example of brain, thyroid and breast cancer. Focused beams are
represented by solid lines, scatter beams by dashed lines. The highest dose of radiation is focused on the tumour,
but scatter beams with low radiation dose convert away from the tumour. Curved black lines indicate the abdominal
shielding, as radiotherapy should always be performed with appropriate shielding. Double arrows indicate the
distance from the radiation field to the pregnant fundus. The physicist calculates the estimated foetal exposure,
depending on the tumour type, the dosage, the distance between the radiation field and the foetus, and the type of
shielding. During first and second trimester, the distance to the radiation field may result in a low and safe foetal
exposure. In third trimester, this distance is very narrow in case of breast cancer, resulting in increased foetal

radiation exposure, but may be large enough to safely irradiate for brain or thyroid cancer.
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15t trimester

2nd trimester

3rd trimester

Figure 2. Foetal, neonatal and long-term risks of cancer treatment during pregnancy

14



POSTPRINT VERSION

&

In utero

Malformation
Preterm labour
PPROM
SGA

Table 1

Birth Child Adult
Prematurity General health problems Fertility problems
SGA Neurocognitive Cancer
Haematological/ dysfunctions
Cardiac problems Behaviour problems

Hearing impairment
Cardiac/ dental problems

Stochastic and deterministic effects of irradiation

Irradiation effects

Stochastic effects

Deterministic effects

(= non-stochastic effects)

Characteristics:

- Occur by chance
- No threshold point
- Risk increases with dose

- Severity unrelated to dose

Cause and effect relation-ship
Threshold below which the effect
does not occur

Above threshold increases severity

with the dose

Examples:

Table 2

- Cancer development
- Genetic effects

Ongoing studies on cancer during pregnancy

Congenital abnormalities
Lethality

Growth retardation
Metabolic and functional

abnormalities
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Study coordinator

Studies on mothers

Studies on children

Frédéric Amant, Belgium
(International Network on
Cancer, Infertility and
Pregnancy (INCIP))

Registration of oncological and
obstetrical data of women
diagnosed with cancer during
pregnancy and of neonatal
outcome

Evaluation of effects of cancer
and cancer treatment on fetal
health by investigating placental
physiology, DNA damage and
circulating markers in placental
and maternal and fetal (=
umbilical cord) blood

Pharmacokinetics of
chemotherapy administered during
pregnancy

Long-term follow-up of children
(until adulthood) after prenatal
exposure to cancer treatment,
with regard to general health,
cardiotoxicity, ototoxicity, dental
problems, neurocognitive
development and behaviour
problems

Transfer of chemotherapeutic
agents through breastmilk

Evaluation of maternal and
paternal emotional wellbeing and
needs by means of a
guestionnaire

Evaluation of Non-Invasive
Prenatal Testing (NIPT) for cancer
diagnosis by the detection of
genome representation profiles in
the maternal blood plasma

Magnetic resonance imaging
study of the brain to investigate
neurocognitive functioning after
prenatal exposure to cancer
treatment

Elyce Cardonick, USA
(International Cancer and
Pregnancy Registry)

Registration of oncological and
obstetrical data of women
diagnosed with cancer during
pregnancy and of neonatal
outcome

Evaluation of long-term effects of
prenatal exposure to cancer
treatment on general health,
neurocognitive development and
behaviour of the children

Irena Nulman, Canada
(Motherisk program
SickKids Toronto)

Evaluation of long-term effects of
maternal perinatal cancer and its
treatment on developing
foetuses and future paediatric
health

Agustin Avilés, Mexico

Evaluation of long-term effects of
prenatal exposure to cancer
treatment on general health,
neurocognitive development and
cardiac functions

Sibylle Loibl, Germany
(German Breast Group)

Registration of oncological and
obstetrical data of women
diagnosed with breast cancer
during pregnancy and of neonatal
outcome
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